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(54)  Process  for  preparing  an  antioxidant,  polyolefin  or  rubber  composition  Including  prepared  antioxidant  and  electric  cable 
formed  therefrom. 

©  An  antioxidant  for  polyolefins  or  rubbers  is  prepared  by 
reacting  a  polyphenol  having  at  least  one  dialkyl  4-hydroxy- 
benzyl  radical  with  a  bridging  compound  which  is  SCI2, 
S2CI2,  formaldehyde,  dichloromethane  or  1,2-dichlorethane, 
wherein  the  polyphenol  is  a  compound  of  the  formula 
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Ĵ"  wherein  'n'  is  at  least  1,  (n+m)  is  at  least  2  and  not  more 
Q  than  6,  R,  and  R2  are  independently  an  alkyl  group  having 

not  more  than  eight  carbon  atoms,  R3  and  R4  are  indepen- 
Q  dently  hydrogen  or  the  same  as  R,  and  R2,  and  Y  is  a  group 

forming  a  core  to  which  the  phenolic  groups  are  attached. 
Q. 
U  

ACTORUM  AG 

A n   antioxidant for  polyolefins  or rubbers  is  prepared  by 
reacting  a  polyphenol  having  at least  one  dialkyl  4-hydroxy- 
benzyl  radical  with  a  bridging  compound  which  is  SCl2, 
S2Cl2, formaldehyde,  dichloromethane  or  1,2-dichlorethane, 
wherein  the  polyphenol is  a  compound  of  the  formula 

wherein  'n'  is  at  least  1,  (n+m)  is  at  least  2  and  not  more 
than  6,  R1  and  R2  are  independently  an  alkyl  group  having 
not  more  than  eight  carbon  atoms,  R3  and  R4  are  indepen- 
dently  hydrogen  or  the  same  as  R1  and  R2,  and  Y  is  a  group 
forming  a  core  to  which  the  phenolic  groups  are  attached. 



The  i n v e n t i o n   r e l a t e s   to  a n t i o x i d a n t s   and  more  

p a r t i c u l a r l y   to  a n t i o x i d a n t s   for  use  in  p o l y m e r i c  

c o m p o s i t i o n s   and  also  to  such  c o m p o s i t i o n s   c o n t a i n i n g  

the  a n t i o x i d a n t s .  

It  has  long  been  known  t h a t   water   has  a 

d e l e t e r i o u s   e f f e c t   on  po lymer i c   compos i t i ons   c o m p r i s i n g  

p o l y o l e f i n s   such  as  p o l y e t h y l e n e ,   and  t h i s   is  p r i m a r i l y  

due  to  a  loss  of  the  a n t i o x i d a n t s   p r e s e n t   in  s u c h  

c o m p o s i t i o n s .   The  d e l e t e r i o u s   e f f e c t   of  water   is  more  

pronounced  when  the  water   is  at  an  e l e v a t e d   t e m p e r a t u r e ,  

e.g.   g r e a t e r   than  60°C;  i t   has  been  shown  t h a t   t h e  

immersion  of  a  p o l y o l e f i n   c o m p o s i t i o n   compr i s ing   an 

a n t i o x i d a n t   in  water   at  a  t e m p e r a t u r e   of  930C.  is  more 

d e l e t e r i o u s   than  the  e f f e c t   of  c i r c u l a t i n g   hot  a i r   a t  

105°C.  on  a  compos i t ion   p l aced   in  an  o v e n .  

A  p a r t i c u l a r l y   i m p o r t a n t   s i t u a t i o n   w h e r e  

aqueous  s o l u t i o n s   can  be  t r o u b l e s o m e   is  in  the  case  o f  

a  modern  power  cable   having  a  p o l y e t h y l e n e   i n s u l a t i o n  

which  is  at  r i s k   in  those   kinds  of  ground  water   c o n t a i n i n g  

s a l t s .   The  a n t i o x i d a n t s   of  the  p r e s e n t   i n v e n t i o n   a r e  

u s e f u l   in  i n s u l a t i o n   a p p l i c a t i o n s   for  power  c a b l e s .  



According  to  the  p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  p rocess   for  p r e p a r i n g   an  a n t i o x i d a n t ,   w h i c h  

p r o c e s s   compr ises   r e a c t i n g   a  p o l y p h e n o l   having  at  l e a s t  

one  d i a l k y l   4 - h y d r o x y b e n z y l   r a d i c a l   wi th   a  b r i d g i n g  

compound  which  is  SCl2,  S2Cl2,  f o r m a l d e h y d e , d i c h l o r m e t h a n e  

or  1 , 2 - d i c h l o r o e t h a n e ,   where  the  p o l y p h e n o l   is  a  compound 

of  the  f o r m u l a  

wherein   n  is  at  l e a s t   1  and  is  p r e f e r a b l y   1  or  2,  a n d  

(n  +  m)  is  from  2  to  6,  R1  and  R2  are  each  i n d e p e n d e n t l y  

an  a lky l   group  having  up  to  8  carbon  atoms,  the  t e r m  

" a l k y l "   as  used  h e r e i n   i n c l u d i n g   c y c l o a l k y l   g roups ,   R3  a n d  

R4  are  i n d e p e n d e n t l y   hydrogen  or  the  sane  as  R1  and  R2  a n d  

Y  is  a  group  forming  a  nuc leus   or  core  to  which  t h e  

p h e n o l i c   g roups ,   which  p r o v i d e   the  a n t i o x i d a n t   q u a l i t i e s ,  

are  a t t a c h e d .   More  s p e c i f i c a l l y   Y  may  be  a  b i -   t o  

h e x a v a l e n t   h y d r o c a r b y l ,   t h i o h y d r o c a r b y l ,   th io   or  d i t h i o  

r a d i c a l .   Some  s p e c i f i c   examples  of  group  Y  a r e : -  

-S - ,   -CH2-S-CH2- ,  CH3CHCH2 CH. 



In  an  a l t e r n a t i v e   embodiment,   the  p o l y p h e n o l  

may  be  a  compound  of  the  f o r m u l a  

where  R5  and  R6  are  each  i n d e p e n d e n t l y   a lky l   g r o u p s  

having  up  to  8  carbon  atoms  and  Y  is  as  de f i ned   above  

and  x  is  from  2  to  6.  In  o rde r   to  ach ieve   the  b r i d g i n g  

of  two  or  more  molecu les   of  i n i t i a l   a n t i o x i d a n t s   h a v i n g  

a  s t r u c t u r e   in  accordance   with  f o r m u l a  I I ,   d e - a l k y l a t i o n  

is  r e q u i r e d   to  remove  one  or  more  of  the  h i n d e r i n g  

groups  per  molecule   in  o rder   to  f ree   a  p o s i t i o n   at  w h i c h  

a  b r i d g i n g   r e a c t i o n   can  take  p lace .   This  is  p r e f e r a b l y  

c a r r i e d   out  using  a  F r i e d e l   Kra f t s   type  c a t a l y s t ,   such  as  

ZnCl2.  

For  an  a n t i o x i d a n t   of  high  s o l u b i l i t y   i n  

n - o c t a n e   and  in  polymers   such  as  p o l y o l e f i n s   and  t h e  

l ike   which  are  n o n - p o l a r   R1  to  R6  each  p r e f e r a b l y   c o n t a i n s  

at  l e a s t   4  carbon  atoms,  and  they  may  be  the  same  o r  

d i f f e r e n t .  

The  i n i t i a l   p o l y p h e n o l   to  be  r e a c t e d   to  p r o v i d e  

the  a n t i o x i d a n t s   of  t h i s   i n v e n t i o n   may  c o n s i s t   of  a  

mix tu re   of  d i f f e r e n t   a n t i o x i d a n t s   having  the  g e n e r a l  

formula  I,  and /o r   I I ,  i . e ,   t h e r e   may  be  a  d i s t r i b u t i o n  



of  n,  m,  x,  Y,  R1,  R2,  R3,  R4, R5  and  R6  i n  a   r e a c t i o n  

mix tu re   from  which  the  novel  a n t i o x i d a n t   is  p r o d u c e d .  

In  g e n e r a l   the  r e a c t i o n   to  produce  the  p r e s e n t   n o v e l  

a n t i o x i d a n t s   i nvo lves   the  i n t r o d u c t i o n   of  one  or  more 

b r i d g i n g   goups  o r tho   to  the  hydroxyl   group  of  the  p h e n o l .  

Thus a   t y p i c a l   a n t i o x i d a n t   a c c o r d i n g   to  t h i s   i n v e n t i o n  

may  have  the  g e n e r a l   f o r m u l a : -  

where  the  b r i d g i n g   group  D  is  -S-.   -S-S-   or  an  a l k y l e n e  

b i r a d i c a l   and  Rl,  R2,  R3,  Y,  n and  m  are  as  de f i ned   a b o v e .  

The  compound  of  formula  II  is  p r e f e r a b l y   an  a n t i o x i d a n t  

sold   under  the  t r ade   name  IONOX  330,  or  IRGONOX  1330 ,  

both  of  which  are  1 ,3 ,5   t r i m e t h y l   - 2 , 4 , 6 - t r i s   ( 3 , 5 - d i -  

t e r t - b u t y l - 4 - H y d r o x y b e n z y l )   benzene;   t h i s   compound  ha s  

the  f o r m u l a : -  



As  wi l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l   in  t h e  

fo l lowing   Example,  t h i s   compound  may  be  s u b j e c t e d   to  a 

p a r t i a l   d e a l k y l a t i o n   of  the  a l k y l a t e d   phenol  r ing  f o l l o w e d  

by  the  i n t r o d u c t i o n   of  a  t h i o ,   d i t h i o   or  methy lene   b r i d g e .  

The  i n t r o d u c t i o n   of  these   b r i d g e s   may  be  a c h i e v e d ,  

r e s p e c t i v e l y ,   by  the  use  of  SCl2,  S2Cl2,  f o r m a l d e h y d e ,  

d i c h l o r o m e t h a n e   or  1 , 2 - d i c h l o r o e t h a n e .  

It  is  b e l i e v e d   t h a t   the  a n t i o x i d a n t   a c c o r d i n g  

to  th i s   i n v e n t i o n   which  is  o b t a i n e d   by  the  p a r t i a l  

d e a l k y l a t i o n   of  IONOX  330  and  the  s u b s e q u e n t   r e a c t i o n  

with  S2C12,  has  the  f o l l owing   f o r m u l a  



w h e r e   Z  i s  

The  a n t i o x i d a n t s   of  the  p r e s e n t   i n v e n t i o n   a r e  

p r e f e r a b l y   s o l u b l e   in  n - o c t a n e   to  the  e x t e n t   of  at  l e a s t  

5g  per  lOOg  of  n - o c t a n e   at  20°C.  

Most  commercial   p h e n o l i c   a n t i o x i d a n t s   a r e  

symmet r i ca l   compounds  with  high  me l t i ng   t e m p e r a t u r e s   and 

tend  to  be  somewhat  i n s o l u b l e   in  hydrocarbon   p o l y m e r s .  

At  low  t e m p e r a t u r e s   such  a n t i o x i d a n t s   tend  to  d i f f u s e  

s lowly  to  the  s u r f a c e   or  agg lomera t e   and  c r y s t a l l i s e  

wi th in   the  polymer.   The  former  p rocess   is  a p p a r e n t l y  

a c c e l e r a t e d   by  hot  wa te r ,   s ince   the  mix ture   of  water   and 

a n t i o x i d a n t   is  less   compa t ib l e   with  the  polymer  t h a n  

with  the  a n t i o x i d a n t   a l o n e .  



The  novel  a n t i o x i d a n t s   a cco rd ing   to  t h i s  

i n v e n t i o n   may  have  from  2  to  5  or  more  of  the  i n i t i a l  

po lypheno l   m o i e t i e s   p r e s e n t   in  the  molecu le   and  t h e s e  

r e l a t i v e l y   h igher   m o l e c u l a r   weight   a n t i o x i d a n t s   are  l e s s  

s u s c e p t i b l e   to  the  d i f f i c u l t i e s   r e f e r r e d   to  above.  The 

novel  a n t i o x i d a n t s   are  p a r t i c u l a r l y   s u i t a b l e   for  s t a b i l i z -  

ing  normal ly   s o l i d   polymers  of  alpha  o l e f i n s ,   for  e x a m p l e  

e t h y l e n e   and  p ropy lene   and  t h e i r   v a r i o u s   copolymers .   A 

wide  range  of  polymers  d e r i v e d   from  monoo le f in s   may  b e  

used  in  admixture   with  the  p r e s e n t   novel   a n t i o x i d a n t s  

to  form  u s e f u l   po lymer ic   c o m p o s i t i o n s .   The  i n v e n t i o n  

also  i n c l u d e s   such  c o m p o s i t i o n s .  

I t   is  d e s i r a b l e   t h a t   the  po lymer ic   c o m p o s i t i o n s  

con ta in   a  s t a b i l i z i n g   amount  of  the  novel   a n t i o x i d a n t s  

acco rd ing   to  th i s   i n v e n t i o n   to  s t a b i l i z e   the  c o m p o s i t i o n  

a g a i n s t   o x i d a t i v e   and/or   the rmal   d e t e r i o r a t i o n .   For  t h i s  

purpose  the  a n t i o x i d a n t   may  be  p r e s e n t   in  an  amount  o f  

g r e a t e r   than  0.01%  and  u s e f u l   load ings   wi l l   comprise   0.1% 

or  0.2%  of  the  a n t i o x i d a n t ,   a l though   s i g n i f i c a n t l y  

g r e a t e r   amounts  e .g.   1%  or  5%  or  more  may  be  used;  t h e  

p e r c e n t a g e s   are  by  w e i g h t .  

In  a d d i t i o n   to  s y n t h e t i c   polymers  r e f e r r e d   t o  

above  the  p r e s e n t   a n t i o x i d a n t s   may  be  used  to  s t a b i l i z e  

o ther   po lymer ic   c o m p o s i t i o n s   i n c l u d i n g   n a t u r a l   and  

s y n t h e t i c   r u b b e r s .  



The  a n t i o x i d a n t s   and  the  polymer  may  b e  

compounded  using  a  Banbury  mi l l   or  o the r   means  w e l l  

known  to  those   s k i l l e d   in  the  a r t .  

The  compos i t i ons   are  r e l a t i v e l y   easy  to  b l e n d  

because  of  the  low  me l t i ng   po in t   of  the  p r e s e n t  

a n t i o x i d a n t s   and  they  have  good  c o m p a t i b i l i t y   with  t h e  

polymers  ment ioned  above .  

The  f o l l o w i n g   is  a  d e s c r i p t i o n   by  way  o f  

example  of  one  method  of  making  an  a n t i o x i d a n t   i n  

accordance   with  t h i s   i n v e n t i o n .  

23.25  g  (0.03  g-mole)  of  IONOX  330  w e r e  

d i s s o l v e d   by  g e n t l y   warming  and  s t i r r i n g ,   in  50  ml  o f  

d i c h l o r e t h a n e .   To  t h i s   f i r s t   m i x t u r e  

was  added  0.408  g  (O.003  g-mole)  of  anhydrous  z i n c  

c h l o r i d e   as  c a t a l y s t .   A  second  mix tu re   was  p r e p a r e d   by 

adding  50  cc  of  d i c h l o r e t h a n e   to  2.70  g  (0.02  g-mole)  o f  

su lphur   monoch lo r ide   (S2Cl2)  and  s t i r r i n g .   The  mix ture   o f  

IONOX  330,  c a t a l y s t   and  s o l v e n t   was  c o n t i n u a l l y   s t i r r e d  

in  a  f l a sk   m a i n t a i n e d   at  600C  in  a  t h e r m o s t a t .   The 

S 2 C l 2 / d i c h l o r e t h a n e   mix ture   was  then  added  dropwise  o v e r  

a  pe r iod   of  20  minutes   to  the  mixture   in  the  f l a s k .  

During  th i s   pe r iod   the  c o n t e n t s   of  the  f l a sk   tu rned   f rom 

c o l o u r l e s s   to  maroon  and  thence   to  a  y e l l o w i s h   brown.  Ten 

minutes   a f t e r   the  a d d i t i o n   of  the  l a s t   drop  the  mix ture   i n  



the  f l a sk   was  decan ted   in to   a  l i t r e   of  cold  d i s t i l l e d  

water   and  s t i r r e d   for  a  few  minutes  to  remove  c a t a l y s t  

and  HC1  from  the  o rgan ic   l a y e r .   The  o rgan ic   l aye r   was 

then  s e p a r a t e d   from  the  aqueous  layer   and  mixed  w i t h  

100  cc  of  xylene  (mixed  i s o m e r s ) .   The  new  mix tu re   o f  

s o l v e n t s   and  a n t i o x i d a n t   was  hea ted   to  150°C  to  d r ive   o f f  

s o l v e n t .   The  purpose   of  the  xylene  was  to  conve r t   any 

u n r e a c t e d   c h l o r i n e   in  the  s t r u c t u r e   ASSC1  (where  A  i s  

the  o r i g i n a l   a n t i o x i d a n t   minus  a  t e r t i a r y   bu ty l   group)  

to  form When  a l l   s o l v e n t s   had  b e e n  

removed  an  amber  co lour   g l a s s   remained.   This  was  t h e n  

crushed  to  form  a  cream  co lou red   powder .  

The  s t a b i l i z e d   compos i t i ons   in  accordance   w i t h  

th i s   i n v e n t i o n   f ind  p a r t i c u l a r   u t i l i t y   in  the  m a n u f a c t u r e  

of  high  v o l t a g e   po lymer ic   i n s u l a t i o n   and  cable  s h e a t h s .  

Such  cables   and  the  l ike   employing  i n s u l a t i o n   and  s h e a t h s  

which  comprise  a  s t a b i l i z i n g   amount  of  one  of  the  n o v e l  

a n t i o x i d a n t s   may  be  used  in  s i t u a t i o n s   where  t he re   i s  

p r e s e n t   e n v i r o n m e n t a l   water ,   e .g .   in  bu r i ed   i n s u l a t i o n ,  

or  above  ground  where  the  e f f e c t s   of  w e a t h e r i n g   w i l l   be  

e x p e r i e n c e d .   The  novel   a n t i o x i d a n t s   are  also  p a r t i c u l a r l y  

u s e f u l   where  po lymer i c   s u b s t a n c e s   of  the  type  r e f e r r e d   t o  

above  are  to  be  used  for  hot  water   p ipes   and  hot  w a t e r  

c o n t a i n e r s .  



The  a n t i o x i d a n t   r e s u l t i n g   from  the  Example 

set   out  above  was  i n c o r p o r a t e d   into  a  low  d e n s i t y  

p o l y e t h y l e n e   s u p p l i e d   by  I m p e r i a l   Chemical  I n d u s t r i e s  

Limi ted   under  the  d e s i g n a t i o n   XDB  58  at  a  0.05%  by  w e i g h t  

l eve l .   The  p roduc t   of  the  Example  was  compared  w i t h  

IONOX  330,  the  s t a r t i n g   m a t e r i a l   for  the  p r e p a r a t i o n , a n d  

the  r e s u l t s   are  se t   f o r th   in  the  f o l l o w i n g   Table .   The 

o x i d a t i o n   i n d u c t i o n   per iod   was  a s c e r t a i n e d   as  t h i s  

e f f e c t i v e l y   d e t e r m i n e s   the  u s e f u l   l i f e   of  a  p o l y m e r i c  

c o m p o s i t i o n ,   s ince   the  onse t   of  o x i d a t i o n   b r i n g s  

d e t e r i o r a t i o n   in  the  chemical   and  e l e c t r i c a l   p r o p e r t i e s .  

At  high  t e m p e r a t u r e s   the  d e t e r i o r a t i o n   is  r ap id   once  t h e  

o x i d a t i o n   se t s   in.  O x i d a t i o n s   were  c a r r i e d   out  in  150  g 
1-1  sodium  c h l o r i d e   s o l u t i o n   at  60°C  and  90°C,  and  i n  

d i s t i l l e d   water   at  90°C.  S o l u b i l i t i e s   in  n - o c t a n e   w e r e  

measured  at  20°C  and  give  an  idea  of  the  r e l a t i v e  

. s o l u b i l i t i e s   of  the  a n t i o x i d a n t s   in  p o l y e t h y l e n e .   Note  

t h a t   s o l u b i l i t i e s   are  very  much  lower  in  p o l y e t h y l e n e  

than  in  n - o c t a n e   because  of  polymer  m o l e c u l a r   weight   and  

c r y s t a l l i n i t y   e f f e c t s .  

TABLE  1 

EFFECT  OF  ANTIOXIDANT  PROPERTIES  ON  OXIDATION 

INDUCTION  PERIOD. 



Also  i n c l u d e d   in  Table  1  is  the  well   known  t e t r a -  

p h e n o l i c   a n t i o x i d a n t   t e t r a k i s   / m e t h y l e n e - 3 - ( 3 ' ,  5 ' - d i - t - h u t y l -  

4 ' - h y d r o x y p h e n y l ) p r o p i o n a t e /   methane  which  is  f r e q u e n t l y  

used  for  i t s   good  r e s i s t a n c e   to  hot  aqueous  s o l u t i o n s .  

The  r e s u l t s   i n d i c a t e   t h a t  t h e   new  a n t i o x i d a n t   i s  

markedly  s u p e r i o r   in  p r o t e c t i n g   p o l y e t h y l e n e   from  o x i d a t i o n  

in  aqueous  s o l u t i o n s ,   p robab ly   because  of  v a s t l y   s u p e r i o r  

s o l u b i l i t y   c h a r a c t e r i s t i c s .   It   is  s i g n i f i c a n t   t h a t   up  to  1% 

of  the  new  a n t i o x i d a n t   can  be  i n c o r p o r a t e d   in to   low  d e n s i t y  

p o l y e t h y l e n e   with  no  blooming  of  a n t i o x i d a n t   at  use  t e m p e r -  

a ture   (ambient  to  80°C) .  
Fu r the r   the  p rocedure   of  the  above  Example  may  be  

modi f ied   to  employ  as  the  b r i d g i n g   compound  d i c h l o r o m e t h a n e  
or  1 , 2 - d i c h l o r o e t h a n e ;   it   w i l l   be  u n d e r s t o o d   by  t h o s e  
s k i l l e d   in  the  art   t h a t   these   b r i d g i n g   compounds  w i l l  
p r e f e r a b l y   be  used  with  a  s u i t a b l e   F r i e d e l - C r a f t s   c a t a l y s t ,  
for  example  aluminium  c h l o r i d e .   Also,  the  b r i d g i n g   compound 
may  a l t e r n a t i v e l y   be  SC12  or  fo rmaldehyde .   F u r t h e r   any 
s u i t a b l e   i n e r t   s o l v e n t   may  be  employed.  



1.  A  p r o c e s s   for  p r e p a r i n g   an  a n t i o x i d a n t ,   w h i c h  

p roces s   comprises   r e a c t i n g   a  p o l y p h e n o l   having  at  l e a s t  

one  d i a l k y l   4 - h y d r o x y b e n z y l   r a d i c a l   wi th   a  b r i d g i n g  

compound  which  is  SC12,  S2Cl2,  f o r m a l d e h y d e , d i c h l o r o m e t h a n e  

or  1 , 2 - d i c h l o r e t h a n e ,   where in   the  p o l y p h e n o l   is  a  compound 

of  the  f o r m u l a  

where in   'n '   is  at  l e a s t   1,  (n  +  m)  is  at  l e a s t   2  and  n o t  

more  than  6,  R1  and  R2  are  i n d e p e n d e n t l y   an  a l k y l   g r o u p  

having  not  more  than  e igh t   carbon  a toms,   R3  and  R4  a r e  

i n d e p e n d e n t l y   hydrogen  or  the  same  as  R1  and  R2,  and  Y  i s  

a  group  forming  a  core  to  which  the  p h e n o l i c   groups  a r e  

a t t a c h e d .  

2.  A  p r o c e s s   as  c l a imed   in  Claim  1  whe re in   R1 

R2  and  R3  are  each  a  t - b u t y l   group  and  R4  is  h y d r o g e n ,  

and  R1  and  R2 are  in  the  3  and  5  p o s i t i o n s   of  t h e  

4 -hyd roxybenzy l   r a d i c a l .  



3.  A  p roces s   as  c la imed  in  Claim  1,  w h e r e i n  

the  po lypheno l   is  a  compound  of  the  f o r m u l a  

w h e r e i n   R5  and  R6  are  each  i n d e p e n d e n t l y   an  a l k y l   g r o u p  

having  not  more  than  8  carbon  atoms,  and  X  is  from  2  t o  

6, .and  the  r e a c t i o n   with  the  b r i d g i n g   compound  is  c a r r i e d  

out  in  the  p r e s e n c e   of  a  d e a l k y l a t i n g   a g e n t -  

4.  A  p rocess   as  c la imed  in  Claim  3,  w h e r e i n  

R5 and  R6  are  each  a  t - b u t y l   g r o u p .  

5.  A  p roces s   as  c l a i m e d . i n   any one  of  t h e  

p r e c e d i n g   c la ims ,   where in   Y  is  a  b i - t o   h e x a v a l e n t  

h y d r o c a r b y l   or  t h i o h y d r o c a r b y l   group,  or  a  t h i o   o r  

d i t h i o   g r o u p .  

6.  A  p r o c e s s   as  c la imed  in  Claim  5,  w h e r e i n  

Y  i s : -  



o r  

7.  A  p roce s s   as  c la imed  in  Claim  3,  w h e r e i n  

the  po lypheno l   is  a  compound  of  the  formula  II   as  
de f ined   h e r e i n .  

8.  A  p o l y o l e f i n   or  rubber   c o m p o s i t i o n  

c h a r a c t e r i s e d   in  tha t   t he re   is  used  as  an  a n t i o x i d a n t  

the  p roduc t   of  a  p roce s s   as  d e f i n e d   in  anyone  of  C la ims  

1  to  7. 

9.  A  cable  for  conduc t ing   e l e c t r i c i t y  

compr i s ing   a  po lymer ic   i n s u l a t i o n   c h a r a c t e r i s e d   in  t h a t  

the  i n s u l a t i o n   is  formed  from  a  compos i t ion   as  c l a i m e d  

in  Claim  8. 


